INTRODUCTION
The Río de la Plata, Kalahari, and Congo cratons play a central role in the assembly of Western Gondwana, along the Neoproterozoic orogenic belts on both sides of the modern Southern Atlantic Ocean. These belts contain inliers of older gneissic rocks, which might be parautochthonous to the cratons of Western Gondwana in South America, or they might be exotic fragments of others, rafted in from further east in Gondwana by the closure of Neoproterozoic ocean basins. The Camboriú Complex is one of these fragments of uncertain provenance and long polycyclic history.
In this paper, we investigated the geological history of the Camboriú Complex via integrated field observations, zircon U-Pb dating, and Hf isotopic signatures. This revealed that in the Neoproterozoic there was reworking of early Precambrian components, without the addition of juvenile crustal material. Evidence of Paleoproterozoic reworking was also observed. The only post-Archean juvenile crustal additions seem to be the emplacement of basic dikes at 1.56 Ga, which are now found as dismembered amphibolite bodies due to the strong Neoproterozoic migmatization. The established detailed evolution of the Camboriú Complex is here compared and contrasted with that of other basement inliers in the Southern Brazilian Neoproterozoic orogenic belts.
GEOLOGICAL SETTING
The different crustal blocks in Southeastern South America were juxtaposed during the Neoproterozoic assembly of Western Gondwana (Fig. 1A) . The Precambrian terranes of Santa Catarina belong to the Mantiqueira Structural Province (Almeida et al. 1981) . They comprise two major geotectonic units: the Luis Alves microplate and its cover in the North, and the Dom Feliciano belt in the South. The former was stabilized in the Paleoproterozoic. The Neoproterozoic Dom Feliciano Belt extends from Southeastern Brazil into Uruguay, and has three major NNE-trending segments that were juxtaposed during the Neoproterozoic (Fig. 1B) .
In Santa Catarina, the Dom Feliciano belt central segment includes the Brusque Group supracrustal rocks (Basei et al. 2000 , Phillip et al. 2004 , which separate the Florianópolis batholith granites to the South from Itajaí Group foreland basin. The latter occurs at the border of Luis Alves microplate gneissic-migmatitic terranes (Fig. 1) .
The Camboriú Complex is located near the city of the same name in the Northeast of Santa Catarina (Fig. 1C) .
It is considered a basement inlier within the Brusque Group metavolcano-sedimentary sequence (Basei et al. 2000 (Basei et al. , 2005 (Basei et al. , 2008 Hartmann et al. 2003; Bittencourt & Nardi 2004 , Phillip et al. 2009 ). It is well-exposed along road cuts and in coastal outcrops. Similar rocks can be found either within the Florianópolis Batholith granitoids or in the Itajaí Group supracrustal rocks, suggesting that it might be an exotic terrane. It is composed of banded gneisses and migmatites named Morro do Boi migmatites (Basei 1985 , Basei et al. 2000 . They have banded gneiss paleosomes of alternating centimeter-sized gray and white quartzo-feldspathic bands. The neosome comprises centimeter-sized leucocratic bands of predominantly granodioritic composition. The other Camboriú Complex constituent is Ponta do Cabeço Granite, which is a medium to light-gray diatexitic granitoid that contains a profusion of mafic xenoliths, making it distinctive in the field. Neosome of Morro do Boi migmatites might be gradational into Ponta do Cabeço Granite. Late, irregular, meter-sized leucocratic granitoid sheets crosscut the migmatitic banding, and form sheets that are sub-parallel to the migmatitic structures.
PONTA DO CABEÇO GRANITE
Ponta do Cabeço Granite is, in fact, a schollen-structured diatexite and is the most voluminous component of the Camboriú Complex. It has a hook shape in the northeast end of Valsungana batholith (Fig. 1C) . Its composition is of monzogranitic to syenogranitic, bearing biotite ± subordinate hornblende. This granite is gray, with fineto coarse-equigranular texture, and grain-size banding parallel to the relic compositional banding (Figs. 3A and B) . It shows a regional preferential NE-SW fabric defined by the alignment of mafic enclaves. The granite grades into Ponta do Cabeço diatexite, which in turn performs it into Morro do Boi migmatites. Its predominant structures are schollen and schlieren, which may take place in the same outcrop (Fig. 3B) . Both igneous and metamorphic micro-textures are observed with variations from inequigranular to granoblastic and locally lepidogranoblastic.
The abundance of enclaves is a distinctive characteristic of Ponta do Cabeço granite. They have varied compositions and are up to 1 m across (orthogneiss, amphibolite, pyroxenite, biotitite, and calc-silicate rocks), with fine to medium-grain size. The predominant enclave type is amphibolite. Relicts of metamorphic clinopyroxene in the hornblende are locally preserved.
Two metamorphic events may be suggested, one of upper amphibolite facies with the formation of clinopyroxene, and a medium one including the development of hornblende with partial breakdown of clinopyroxene. The enclaves have sharp to gradational margins with reaction rims. Some banded migmatite enclaves present folded banding, indicating they were deformed before the emplacement of Ponta do Cabeço Granite.
The voluminous Ponta do Cabeço diatexite of mainly granitic composition lies at the base of the Camboriú Complex. This forms a southwest dipping anti-form with ca. 8 km wavelength (Fig. 2 , section AB). It is intruded by the homogeneous porphyritic biotite-bearing Valsungana granite, and thick NE-oriented bodies of Nova Trento Suite, which are leucocratic, medium-grained, isotropic granite.
Feldspar megacrysts in the diatexite are euhedral and oriented, resulting in a sub-magmatic foliation and in a parallel compositional banding (Fig. 3A) . The foliation deflects around competent mafic rafts with local development of strain shadow zones, in which there is coarse-grained white granite or fine-grained gray granite/granodiorite. These structures suggest that the migmatite experienced a syn-magmatic flow related to regional deformation. Biotite or hornblende and biotite schlieren can grade into amphibolite schollen. The neosome assemblage is plagioclase plus quartz plus K-feldspar plus biotite ± hornblende with accessory allanite armored by the epidote.
The paleosome schollen (sensu Sawyer, 2008a, b) has a rectangular to roundish form and is centimeter to submetric-sized, mostly oriented or stretched into the flow foliation. The schollens are predominantly melanocratic rocks such as amphibolite, biotite metatexite, biotite-hornblende metatexite, and resisters of ultramafic rocks and calc-silicate gneisses. These are heterogeneously affected by partial melt segregation during the flow of the diatexite magma (Fig. 4A) , producing an internal incipient net-structured leucosome, or being consumed by diatexitic melt in strain-shadow zones.
MORRO DO BOI MIGMATITES
Morro do Boi migmatites are metatexitic rocks, in which stromatic structures predominate. The unit is cut by the Nova Trento, Valsungana, and Morro do Boi granites and crops out in the limbs of a late NE-oriented anti-form, which includes Ponta do Cabeço Diatexite in its core (Fig. 2 , sections AB and CD). The gneiss foliation and stromatic leucosomes were intensively folded in a set of decimeter-and meter-sized parasitic folds (axial hinge lines varying from S to S65 W) on a major asymmetrical, SE-verging cylindrical anti-form. This fold preserves its upper limb and hinge zone, however the lower limb has been transposed/removed into an axial-planar ductile thrust (Fig. 2, section CD) .
The syn-anatectic foliation coincides with a S60W-trending-fold axial mineral lineation, sheath-folds and S-C fabric sigmoidal leucosomes. It shows that flow of the anatectic rocks was at a shallow angle towards the NE (Fig. 2) , essentially along the trend of the orogenic belt. All of these Neoproterozoic migmatite structures predate intrusion of Most of its migmatites have folded layering on a 1 -4-cm scale, which locally grades into agmatitic and more rarely nebulitic domains (Fig. 3C) . The migmatite paleosome is mostly tonalitic to granodioritic, within which centimeter-to decimeter-thick amphibolitic bodies are found. Some of these retain tabular shapes reminiscent of dismembered dikes (Figs. 4A and D) , whilst others are boudinaged and rounded. These are frequently enveloped and cut by granitic neosome. Locally, biotite selvedges separate the neo-and paleosomes (Fig. 4C ), suggesting they were generated by in situ melting. Invaginated within the dominant tonalitic-granodioritic paleosomes, there are some sillimanite-bearing metapelitic units. Schollen-structured biotite-hornblende diatexite-metatexite transition with many elongated schollen of amphibolite as boudin, resisters, or paleosome. Two main domains of diatexite could be observed: left side -medium-grained trondhjemitic leucosome, which is interlayered with thin discontinuous layers of hornblende-rich paleosome as schlieren and boudins of more resistant amphibolite schollens; central -pale coarse-grained inequigranular diatexite within dilation structures. This diatexite was developed, in contrast to the other type, in the interior of a normal shear zone; right side -coarse-grained and irregular stromatic layers with melanosome selvedges occurring parallel to the schilieren and compositional banding. Center (CAGS, Beijing, China), according to standard procedures (Compston et al. 1984 , Williams 1998 , Stern 1998 , Sircombe 2000 . With the aim of increasing confidence in the accuracy of the U-Pb calibration, Temora grains were distributed as several clusters in different parts of the epoxy mount.
Zircons from the felsic rocks are prismatic, colorless, and transparent. The lengths of these crystals range from 250 to 80 µm, with aspect ratios of 5:1 to 2:1. In CL images, most of them display some oscillatory or linear zoning which is typical of magmatic zircon (Figs. 5 and 6). In many samples, there is a complex recrystallisation and/or development of overgrowths. These were methodically explored in the U-Pb geochronology in order to establish the complete high temperature tectonothermal history. Grains are weakly zoned with low luminescence. Zircons from the amphibolite xenoliths exhibit low luminescence, are unzoned to weakly zoned, and show a distinct internal spongy structure (Fig. 6 ).
All zircon data are shown in Tabela 1. Most of these yielded close to concordant ages. Pieces of information are represented in Concordia and Tera Wasserburg plots generated by the program Isoplot/Ex (Ludwig 2001) . They were filtered before calculating ages to remove analyses with the most disturbed radiogenic Pb-systematics and with >2.5% Lu-Hf analyses were carried out at the Institute of Geosciences, University of São Paulo, on a Neptune laser-ablation multi-collector inductively coupled plasma mass spectrometer equipped with a Photon laser system (Sato et al. 2010) . Apart from two analyses, the remaining 79 Lu-Hf isotopic analyses reported here were performed on the same zircon domains that were previously U-Pb dated by SHRIMP. The laser spot used was 39 µm in diameter with an ablation time of 60 seconds, repetition rate of 7 Hz, and He used as the carrier gas (Sato et al. 2009 (Sato et al. , 2010 (Griffin et al. 2004) .
the Valsungana Batholith and Nova Trento isotropic granite bodies (Basei et al. 2000 , Silva et al. 2003 , Vlach et al. 2009 ).
In the migmatites, epidote is always present in the clinopyroxene-free melt phase, suggesting a maximum temperature of around 700ºC and a minimum pressure of about 8 kbar (Poli & Schmidt 2004 , Patiño Douce 2005 .
PREVIOUS GEOCHRONOLOGICAL RESULTS
Paleoproterozoic to Neoproterozoic ages from the Camboriú Complex have been a matter of controversy. Basei (1985) reported a poorly-fitted Rb-Sr isochron with an Archean age of ca. 2.6 Ga for the Morro do Boi migmatites. Based on structural relations and on ca. 0.60 Ga K-Ar biotite, the author suggested a ductile reworking of ancient basement rocks in the Neoproterozoic Brasiliano orogeny.
Based on SHRIMP U-Pb zircon analyses, Silva et al. (2000) , Hartmann et al. (2003) and Bitencourt & Nardi (2004) assigned the Camboriú Complex a Paleoproterozoic age based on ca. 2.2 Ga zircon cores. They regarded the Neoproterozoic ages for zircon overgrowths as an indication of superimposed hydrothermal, not igneous, processes. On the other hand, based on the zircon U-Pb 0.58 Ga lower concordia intercept age for the Ponta do Cabeço granitoid, Basei et al. (2000) questioned the interpretation of the previous authors and proposed that the main migmatization phase of the Camboriú Complex with generation of this granitoid occurred in the Neoproterozoic. Silva et al. (2005a, b) also reinterpreted them and noted the importance of Neoproterozoic events in the genesis of the Camboriú Complex granites.
ANALYTICAL PROCEDURES FOR ZIRCON SHRIMP U-PB AGES AND HF ISOTOPES
Zircons were separated using the conventional heavy liquid and isodynamic techniques. Selected zircons were mounted in epoxy resin together with the reference zircon Temora ( 206 Pb/ 238 U age = 417 Ma), and then polished to expose the internal crystal texture. Prior to analysis, cathodoluminescence (CL) and transmitted and reflected light images were obtained in order that analysis sites could be chosen (McClaren et al. 1994) . Following the CL images, the samples were cleaned and vacuum-coated with high-purity gold. Age determinations by SHRIMP were performed at the Research School of Earth Sciences (ANU, Canberra, Australia) and in the Beijing SHRIMP
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Paleosome of Morro do Boi migmatites
Zircons from MAGB 11.1 sample (representative CL images in 
Neosome of Morro do Boi migmatites
Sample MAGB 11.3 represents a typical pale neosome vein of tonalitic composition that occurs within the banded migmatites. It is ca. 15 cm thick and it was foliated and folded together with the paleosome. CL images of representative zircons are shown in Fig. 5 and results are summarized in a concordia diagram in Fig. 8 The results suggest that the leucosome is originated from the Neoproterozoic melting of Archean paleosomes. This conclusion has also been said by Lopes (2008) , based on wholerock Sr and Nd isotopic data.
Ponta do Cabeço Granite
A total of 18 analyses was undertaken on zircons from sample IC VII 75 of the Ponta do Cabeço diatexite matrix (CL images of representative zircons in Fig. 6 ; results are summarized in a concordia diagram in Fig. 9A ). The structural cores are not all of the same age. The earliest generation is Mesoarchean, which is close to concordant ages at 3.0 -2.9 Ga. A second generation of structural cores, apparently replacing 3.0 -2.9 Ga zircon (Fig. 6) , is formed at ca. 2.7 Ga. Another episode of zircon growth/recrystallization occurred at 2.0 -1.9 Ga. In all cases, these domains are disturbed with 207 Pb/ 206 Pb ages dispersing well beyond the analytical error. Despite this, one may still conclude that three generations of early Precambrian zircon growth are present (Fig. 9A) 
Amphibolite xenolith in Ponta do Cabeço Granite
Zircons from an amphibolite enclave sample IC VII 79 are rich in micro-inclusions (Fig. 6 ) and show high Th/U ratios of > 0.6. These are both common features of gabbro magmatic zircons. Except for one analysis, they form a single population showing variable degrees of discordance, with 207 Pb/ 206 Pb ages dispersed beyond the analytical error (Fig. 9B) . Also, they result in a weighted mean 207 Pb/ 206 U age of 1,563 ± 25 Ma (MSWD = 7.8), which is interpreted as the best age estimate of igneous emplacement of a gabbroic protolith. One anomalous zircon analysis yielded a Neoproterozoic age and a distinctly lower Th/U of 0.2. This means a recrystallisation domain formed during superimposed Neoproterozoic tectonothermal activity.
Granite dike cross-cutting migmatite structures
A dike of leucocratic granite crosscutting the banded migmatites (MAGB 11.4) showed complex zircons (CL Fig. 5 and data are summarized in a concordia plot in Fig. 10 
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ALBRUR 87 -Morro do Boi Migmatite (banded gneiss -mesosome) rims with concordant Neoproterozoic ages had a weighted mean 206 Pb/ 238 U age of 613 ± 23 Ma (MSWD = 0.03). Two analyses with ages between 2,100 to 1,600 Ma appear on the post-analysis inspection as composite core rim analyses, however they were not considered here. The 613 ± 23 Ma age is the intrusion age of the granite dike.
HF ISOTOPIC DATA
Hf data were obtained from the same zircons targeted in the SHRIMP U-Pb geochronology. The only exception to this is two grains from amphibolite sample IC VII 79. Given that this population is dominated by an igneous 1,563 Ma population, we are confident that an age of 1,563 Ma can be assigned in the assessment of these two Hf isotopic analyses. A total of 81 Hf isotopic determinations was carried out as follows: 28 on paleosome and 12 on leucosome of Morro do Boi migmatites; 26 in the amphibolite xenolith and in Ponta do Cabeço diatexite; and 15 in the later leucogranite dike. The Hf results are summarized in Tab. 2 and Fig. 11 .
Hf isotopic data are very consistent, with Archean cores giving mostly positive but with some slightly negative 
DISCUSSION
U-Pb zircon ages
The U-Pb zircon ages can be directly correlated to the different overgrowth phases observed in the zircons and can reflect the very long crustal history for the Camboriú Complex. This process, recorded in zircon cores, started at 3.3 Ga, continued during the rest of the Archean, with events between 3.0 and 2.7 Ga, and was followed by an important migmatization phase in the Paleoproterozoic (from 2.1 to 1.9 Ga). During the Mesoproterozoic at ca 1.56 Ga, a crustal extension occurred, which was characterized by basic dike intrusions now preserved as disrupted mafic bands in the migmatites and xenoliths in Ponta do Cabeço diatexite. In the Neoproterozoic, between 0.64 and 0.59 Ga, the migmatites underwent a new thermal event at high-amphibolite facies conditions that enabled melting to different degrees of preexisting rocks, generating the banded migmatites in their present form and Ponta do Cabeço Granite diatexite. The U-Pb age probability density plot (Fig. 12) demonstrates these episodic events.
Hf isotopic data
The old U-Pb ages correspond to dominantly positive ε Hf values (-2 to +10) and model ages that are close to zircon U-Pb values. This shows the important juvenile crustal accretion in the Archean. In the Paleoproterozoic, tectonothermal processes involved its crust reworking without juvenile additions. This is demonstrated by the negative initial ε Hf values (-0.5 to -16). Crustal reworking also took place during the Neoproterozoic, as indicated by even more negative ε Hf values, between -25 and -40 for 650 to 600 Ma zircon components.
An exception to this scenario is characterized by the values obtained for the amphibolite xenolith, with 1,563 Ma magmatic zircon with positive initial ε Hf values around +2. This indicates minor juvenile crustal addition occurred at ca. 1,563 Ma. On the other hand, the only amphibolite zircon domain dated 0.59 Ga yielded a very negative initial ε Hf value around -26, which is compatible with what was observed in the crystals of the same age from the host diatexitic granitoid matrix.
Polycyclic crustal evolution
The polycyclic evolution of the complex is summarized in the zircon age histogram of Fig. 12 , whereas the ε Hftime plot (Fig. 11) shows that most crust was formed in the Archean and then was repeatedly reworked up to the Neoproterozoic.
The intensity of the Neoproterozoic deformation and remobilization with melt domains masked the original characteristics of the old protoliths. The degree of mobilization was to such an extent that melts migrated outwards and penetrated the Neoproterozoic Brusque Group metasedimentary rocks. The final Neoproterozoic evolution of the complex is linked with the regional thermal peak responsible for the emplacement of the granitoids in Brusque Group, in particular the Valsungana Granite. Because of this last major remobilization, we prefer to regard the Complex in its present form as a Neoproterozoic unit, albeit it contains large volumes of older crustal material.
Regional correlation and tectonic significance
It is very difficult to correlate the Camboriú Complex with its adjacent gneissic-migmatitic terranes in southeastern South America, such as the Luis Alves Microplate ) and Río de La Plata Craton (Rapela et al. 2007 , Oyhantçabal et al. 2011 . For these domains, especially the Luis Alves Microplate, basement gneisses that represent the closest and largest exposures of similar rocks outside the Camboriú Complex, ages of > 2.9 Ga (such as those in the Camboriú Complex), are unknown. Additionally, granulite-facies gneisses, which are lacking in Camboriú Complex, predominate in these other basement occurrences.
The most likely correlative unit is the Atuba Complex migmatites (Siga Jr. et al. 1995 , Sato et al. 2003 , which occurs between the Luis Alves Microplate and the Ribeira Belt. Besides the geologic similarities, zircon U-Pb ages in the 3.3 to 2.9 Ga and 2.1 to 2.0 Ga intervals are observed for inherited components in leucosomes and Neoproterozoic granitoids in the Atuba Complex (Sato & Siga Jr. 2001 , Sato et al. 2003 . In the Nico Perez Terrane domains, Hartmann et al. (2001) obtained zircon ages older than 3.0 Ga, making this segment another possible correlation. However, little is known about the Nico Perez domains, which makes further comparison difficult.
The origin of old rocks that compose part of the Camboriú Complex favored in this paper formed a strongly reworked exotic small continental fragment, which was involved in the Neoproterozoic amalgamation processes that led to the formation of the Dom Feliciano Belt during the construction of Western Gondwana.
Fabric analysis integrated with moderate to high pressures (> 8 Kbar) in the migmatites suggests that migmatization happened in thickened crust, with flowed laterally along the orogen trend. Therefore, it might indicate lateral escape of high temperature deep thickened crust subsequent to initial collision, analogous to what is now happening beneath the Tibetan Plateau.
CONCLUSIONS
The Camboriú Complex shows a protracted history of magmatic and high-temperature tectonothermal events, starting at ca. 3.3 Ga, and continuing at 3.0 -2.9, 2.7, 2.1 -1.9, 1.56, and 0.64 -0.61 Ga. Repeated high-temperature mobilization resulted in the lithological complexity of migmatites, including in the Neoproterozoic, when mobilization was to the extent that melts escaped from the Complex and penetrated adjacent Neoproterozoic supracrustal rocks.
Zircon Hf isotopic analysis integrated with the U-Pb geochronology shows that juvenile crustal accretion is largely restricted to the Archean, with the Paleo-Neoproterozoic migmatization events being marked by intra-crustal mobilization of the Archean components. The only exception to this is a suite of basic bodies interpreted as originally dikes, which were emplaced into the Complex at ca. 1.56 Ga.
The Camboriú Complex is probably an exotic continental fragment rafted in from the East and attached to Western Gondwana during the closure of a Neoproterozoic ocean basin. Based on similar U-Pb zircon ages, it might be correlated with the Atuba Complex, another continental fragment in the Neoproterozoic orogenic belts in Southern Brazil.
Neoproterozoic mobilization seems to have involved lateral movement along the trend of the orogenic belt. This might mean lateral escape of hot, partially melted crust following initial collision of continental terranes. 
